IMPORTANCE Gastrointestinal (GI) comorbidities are frequently described in association with autism spectrum disorder (ASD). However, the prevalence of GI disturbances and the age at which such problems first appear are unclear, and their specificity for ASD compared with other neurodevelopmental disorders is uncertain.
A utism spectrum disorders (ASDs) are characterized by disturbances in social communication and interaction and restricted and/or repetitive behaviors. Medical and psychiatric conditions and behaviors are frequently associated with ASD. Among the most commonly cited comorbidities are gastrointestinal (GI) symptoms and disorders. 1 A focus on recent population-based research, [2] [3] [4] [5] [6] however, indicates that the evidence supporting an association of GI disturbances with ASD is not consistent (eTable 1 in the Supplement). Reports [7] [8] [9] of elevated GI dysfunction in individuals with neurodevelopmental disorders other than autism raise the added possibility that GI findings may not be specific to ASD. To our knowledge, there have been no population-based studies of prospectively reported GI symptoms and disorders that compare children with ASD with children with typical development (TD) and developmental delay (DD). The state of evidence highlights the need for prospective studies that address the prevalence, type, and specificity of GI abnormalities in ASD. 10, 11 In this study, our aim is to address the specific question of whether children with ASD are at greater risk of experiencing GI disturbances compared with children with TD and DD from ages 6 through 36 months in a large prospective birth cohort.
Methods

Study Population
The study group consists of participants in the Norwegian Mother and Child Cohort Study (MoBa). 12 During a 10-year period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , women throughout Norway were recruited at the first prenatal ultrasonographic visit (approximately 18 weeks' gestation). The study enrolled 95 278 mothers, 75 248 fathers, and 114 516 children. Ongoing follow-up includes health, behavioral, developmental, and nutritional questionnaires and collection of clinical and biological data. The Autism Birth Cohort (ABC) is a substudy of ASD nested within the MoBa cohort. 13 Written informed consent was obtained from all participants. The research was approved by the Regional Committee for Medical Research, the Norwegian Data Inspectorate, and the Columbia University Institutional Review Board.
To be considered as having ASD in the present study, a child had to be evaluated and assigned an ASD diagnosis at the ABC Clinic or have an ASD diagnosis in the Norwegian Patient Register (NPR). Through 2012, the ABC Clinic in Oslo, Norway, conducted assessments of cohort members 3 years or older. Potential cases, identified through questionnaire screening, referral by parents or health care professionals, or NPR linkage, were invited to attend the ABC Clinic. The ABC Clinic assessments were conducted by research clinicians and included the Autism Diagnostic Interview-Revised 14 Our analyses are based on MoBa data released through October 1, 2013, and NPR diagnoses registered through December 31, 2012, and include children born from January 1, 2002, through December 31, 2008, with completed age 18-and 36-month questionnaires ( Figure) . Of 51 035 children eligible for analysis, 5909 were excluded because age 18-and/or 36-month questionnaires were returned 3 months beyond each respective age milestone, information on GI symptoms was missing, and/or information on motor or language development measures was missing. The final analytic sample included 45 126 children.
Study Groups
We compared 3 groups: children with ASD (n = 195), children with DD (n = 4636), and children with TD (n = 40 295). The children with ASD were considered all those assigned the diagnosis via the ABC Clinic or the NPR. 13 Children with DD were considered children without ASD who exhibited mild-to-severe delays in language and/or motor skill development based on 36-month questionnaire items ( Table 1) . A 6-level grammar rating scale, 19 previously used in a MoBa substudy of language delay (LD) 20 and consistent with language ratings on the Vineland Adaptive Behavior Scales, 21 was the basis for identifying the LD subgroup. Delayed language development was defined as not using full sentences with at least moderate ("I got a doll") or good ("When I went to the park, I went on the swings") grammar at 36 months. When these criteria were applied, 4% of children without ASD were classified with having LD (n = 1818; Table 2 ). This number is consistent with published LD prevalence estimates in this age group (range, 5%-8%). 22 Delayed motor development was based on the Ages and Stages Questionnaire items 23 that measure gross and fine motor skill development (Table 1) . Children in the lowest seventh percentile for the 4 motor items were classified with motor delay (MD) (n = 3196; Table 2 ), a group similar in size to other population-based studies reporting MD based on the Ages and Stages Questionnaire (range, 4.8%-8.5%). 24 The final DD group (n = 4636) consisted of 1440 children with LD only, 2818 children with MD only, and 378 children with both LD and MD. The children with TD were defined as those not having LDs and MDs and not diagnosed as having ASD. Because communication deficits are part of the core symptoms of ASD and because the DD group included children with MD who were free of language disturbances, LD was more common among children with ASD than in children with DD (53.3% vs 39.2%). In addition, MD was more common among children with DD than in children with ASD. By definition, children with TD had no LDs or MDs.
Measures of GI Symptoms
We relied on prospectively collected maternal report of GI symptoms in 18-and 36-month questionnaires, focusing on 3 target symptoms queried on both questionnaires: diarrhea, constipation, and food allergy/intolerance (Table 1) . A symptom was considered present if endorsed for any time in the 6-to 18-month or the 18-to 36-month age period. Symptoms were also examined as any GI symptom (presence of constipation, diarrhea, or food allergy/ intolerance vs none) within each age period (6-18 or 18-36 months).
Covariates
Maternal and child characteristics were selected as potential confounders based on previous findings of association with autism or GI symptoms and included maternal age (<25, 25-29, 30-34, or ≥35 years), maternal educational level (<12, 12, 13-16, or ≥17 years), mode of delivery (spontaneous, induced, or cesarean section), prematurity (<37 or ≥37 weeks' gestation), parity (0 or ≥1), birth weight, sex, breastfeeding (yes or no About your child's language skills… (select) the option which best describes the way your child talks.
Not talking yet Language delay He/she is talking, but you can't understand him/her Talking in 1 word utterances, such as "milk" or "down"
Talking in 2-3 word phrases, such as "me got ball" or "give doll"
Talking in fairly complete sentences, such as "I got a doll" or "can I go outside?"
Talking in long and complicated sentences, such as "when I went to the park, I went on the swings" or "I saw a man standing on the corner"
36-Month questionnaire: motor
About your child's motor development…(yes/a few times/not yet)
Can your child kick a ball by swinging his/her leg forward without holding onto anything for support?
Motor delay
Can your child catch a large ball with both hands?
When drawing, does your child hold a pencil, crayon or pen between his/her fingers and thumb like an adult does?
Can your child undo one or more buttons? Copyright 2015 American Medical Association. All rights reserved.
18-Month questionnaire: GI symptoms
through 6 months), and smoking during pregnancy (yes or no).
For missing data, we used intergroup mode imputation for categorical variables and intergroup mean imputation for continuous variables.
Statistical Analysis
Associations of potential confounders with ASD and GI symptoms were evaluated using χ 2 tests for categorical variables and Kruskal-Wallis tests for continuous variables. A 2-sided significance level, α of .05, was applied for all tests. Covariates associated with ASD and 1 or more GI symptoms were included in the final analysis.
The associations between ASD and specific symptoms and any GI symptoms were examined using children with DD and children with TD as reference groups. Logistic regression models were used to estimate odds ratios (ORs) with 95% CIs for each age period. 25 To examine GI symptom persistence, multinomial logistic regression models were used to calculate ORs for any GI outcomes across both age periods (no symptoms reported, symptoms reported for 6-18 months only, symptoms reported for 18-36 months only, and symptoms reported for both 6-18 and 18-36 months). All adjusted models included sex, year of birth, maternal educational level, maternal smoking, and breastfeeding as covariates. All statistical analyses were performed using SPSS statistical software for Mac, version 22.0 (SPSS Inc).
Results
Background characteristics of the study groups are given in Table 2 . Children with ASD differed from children with TD but not from children with DD in being predominantly male. Children with ASD were also more likely than children with TD to have mothers with lower educational levels.
GI Symptoms Within Age Periods
Results for individual and combined symptoms within each age period are given in Table 3 (ASD vs TD and ASD vs DD). eTable 2 in the Supplement gives the results within age periods when comparing children with DD with children with TD.
Children 6 to 18 Months of Age
Mothers of children with ASD were more likely to report the presence of at least 1 GI symptom in the early age period compared with mothers of children with TD (aOR, 1.4; 95% CI, 1.1-1.9; P = .01). No significant between-group differences were found for diarrhea at 6 to 18 months (ASD vs TD, P = .30; ASD vs DD, P = .28; DD vs TD, P = .75). However, children with ASD had increased odds of constipation (aOR, 2.7; 95% CI, 1.9-3.8; P < .001) and food allergy/intolerance (aOR, 1.7; 95% CI, 1.1-2.6; P = .01) compared with children with TD (Table 3) . Children with ASD were also at increased odds for constipation (aOR, 2.0; 95% CI, 1.4-2.8; P < .001) compared with children with DD, as well as for the presence of any GI symptom in this period (aOR, 1.4; 95% CI, 1.0-1.8; P = .04; Table 3 ). Compared with children with TD, children with DD had increased odds of constipation (aOR, 1.3; 95% CI, 1.2-1.5; P < .001; eTable 2 in the Supplement).
Children 18 to 36 Months of Age
In the later-age period, children with ASD had a 2-fold increased odds of reporting any GI symptom compared with children with TD (aOR, 2.1; 95% CI, 1.6-2.8; P < .001). At the symptom level, this reflected an increased odds of diarrhea (aOR, 2.3; 95% CI, 1.5-3.6; P < .001), constipation (aOR, 1.6; 95% CI, 1.2-2.3; P < .01), and food allergy/intolerance (aOR, 2.0; 95% CI, 1.3-3.1; P < .01) for children with ASD compared with children with TD (Table 3) . Similar results were obtained for children with ASD vs children with DD for all measures except constipation, which was nonsignificant (P = .17) ( Table 3) . Compared with children with TD at 18 to 36 months, children with DD had increased odds of constipation (aOR, 1.3; 95% CI, 1.2-1.4; P < .001; eTable 2 in the Supplement).
GI Symptoms Over Time
With a longitudinal view of combined GI symptom reports ( Table 4) , mothers of children with ASD had greater odds of 
Discussion
To our knowledge, this is the first population-based analysis to use prospective maternal report to examine the association between ASD and GI symptoms and to include comparisons with children with TD and DD. We found that children with ASD were more likely to experience GI symptoms as infants and toddlers than children with TD and more likely to have had constipation than children with DD. Through 18 months, children with ASD were more likely to have had constipation and food allergy/intolerance by maternal report than children with TD, and more likely to have constipation than children with DD. In the later-age period, children with ASD were more likely to experience each of the 3 symptoms compared with children with TD and more likely to experience diarrhea and/or food allergy/intolerance compared with children with DD. Finally, they were more than twice as likely to experience GI symptoms in both age periods than either of the other 2 groups of children, suggesting more persistent GI disturbance.
The only other population-based prospective study providing maternal report of GI symptoms for children at comparable ages is the Avon Longitudinal Study (ALSPAC). 3 In the related analyses, children with ASD were compared only to cohort members without ASD; comparisons were not drawn with children with DD. Significant differences in stool frequency between the ASD and non-ASD groups emerged at age 30 and 42 months in the ALSPAC analysis, when the ORs for children with ASD were significantly higher for maternal reports of daily stool frequency of 4 or more (OR at 30 months, 3.73; 95% CI, 1.11-12.55; P = .004; OR at 42 months, 6.46; 95% CI, 1.83-22.71; P < .001). The prevalence of diarrhea in the 30-to 42-month age period was also higher in children with vs without ASD (57.6% vs 44.0%, P = .04). In contrast, no significant differences were found between children with and without ASD with respect to constipation, which the investigators defined as passage of hard stool or frequency of less than 1 stool per day during follow-up to 42 months of age. Analysis of feeding symptoms revealed that at 54 months, 8% of children with ASD were eating a special diet for "allergy" compared with 2% of children without ASD. 26 Direct comparison of our ABC Clinic findings to those of ALSPAC would not be appropriate given differences in GI symptom measurements; however, there is broad b Any GI symptom includes diarrhea, constipation, and food allergy/intolerance.
The major strengths of this study are our use of a large, wellcharacterized, population-based birth cohort; prospective data collection, including symptom reports; and the diagnosis of ASD in most children (59%) by standardized assessment in a research clinic.
The main limitations of this study relate to maternal reports of GI symptoms. There is little published information on the validity of maternal report of GI features in infants and toddlers, with the exception of food allergy/intolerance. Food allergy/intolerance is subject to both overreporting and underreporting. 27 Because diarrhea and constipation are highly visible to caretakers of infants and toddlers and require little if any communicative input from the child, recognition is likely optimized. Endorsements of these symptoms are limited to commonsense understanding because questionnaires did not provide symptom definitions (eg, frequency or duration). Maternal factors associated with overreporting, if also associated with ASD, would complicate interpretation of study results. Some candidate factors (eg, maternal educational level) are already controlled in the adjusted analyses. Accounting for maternal inexperience (parity or maternal age) had no effect on findings. It is possible that mothers of children with ASD may overreport GI symptoms. We believe this is unlikely for several reasons. Among older children referred to GI specialists, Gorrindo et al 28 found that parents of children with and without ASD achieve high interrater reliability with physicians concerning the presence of any functional GI disorder despite a tendency for parents of children with ASD to underreport symptoms. Furthermore, GI reports in this study were obtained, in most cases, before the diagnosis of ASD. In a comparison of mothers of children with ASD who indicated their child had "autistic traits" at 36 months with those who did not, no differences were found in overall symptom report or reporting of the specific symptoms of diarrhea and constipation. There were differences in report of food allergy/ intolerance, however, accentuating the need for additional caution when examining maternal report of this category of symptoms.
Another potential limitation pertains to the criteria for defining the children with DD. The objective in comparing the children with ASD to the children with DD was to establish the risk of GI symptoms beyond what is expected to arise from DD alone. Heterogeneity in the DD group, in terms of type and number of dimensions affected, was explored in a post hoc analysis comparing children with ASD to children with DD with LD only, MD only, or both LD and MD (eTable 4 and eTable 5 in the Supplement). Results of these analyses support the overall findings; however, they also suggest that findings do not wholly apply to comparisons with children with more severe degrees of global impairment.
Finally, the representativeness of the sample is affected by incomplete case ascertainment and incomplete participation in the 18-and 36-month questionnaires. Ascertainment of ASD cases in the cohort is ongoing. Ascertainment is notably incomplete for higher-functioning cases, typically diagnosed at older ages, as well as for younger members of the cohort, based on length of follow-up. The case sample is thus weighted to more severe cases. The effect of the case mix on results is uncertain. Post hoc analysis (eTables 6-9, eFigure 1, and eFigure 2 in the Supplement) by diagnostic subgroup reveals that the main findings are replicated within the autistic disorder and pervasive developmental disorder not otherwise specified subgroups but only replicated in part for the subgroup with Asperger syndrome. More conclusive analysis awaits the detection of additional cases.
Participation in the 18-and 36-month questionnaires was 75% and 60%, respectively. There is no evidence of differential loss to follow-up by group status: the prevalence of ASD among those included and those excluded in the analysis is comparable. Nonetheless, these response rates impose some limitations on the representativeness of the analytic sample. 13 Overall, this sample represents a more educated, older group of respondents.
Implications
There is no shortage of hypotheses to explain the observed association between ASD and GI disturbance. One commonly held explanation is that GI dysfunction is an epiphenomenon of ASD behavior, specifically food selectivity. Although it has been shown that the diets of children with ASD quickly diverge from the norm, overall nutritional intake has not been shown to differ, 29 
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Although the nature of the association remains unclear, findings from our study suggest that future research should focus on early life, with specific attention paid to the development of the enteric nervous system, innate and adaptive immunity, microbial colonization of the GI tract, and evolving feeding or dietary patterns.
Even though GI symptoms are common in early childhood, physicians should be mindful that children with ASD may be experiencing more GI difficulties in the first 3 years of life than children with TD and DD. Furthermore, the GI symptoms may be more persistent in children with ASD. The potential for underrecognition and undertreatment of GI dysfunction in the context of a complicated developmental picture is real. 10, 28 Treatments that address GI symptoms may significantly contribute to the well-being of children with ASD and may be useful in reducing difficult behaviors.
Conclusions
In this large prospective cohort study, maternally reported GI symptoms were more common and more often persistent during the first 3 years of life in children with ASD than in children with TD and DD.
